Acute respiratory failure (ARF), a common and serious complication in hospitalized patients, may be caused by several conditions including pneumonia, chronic obstructive pulmonary disease (COPD), adult respiratory distress syndrome (ARDS), and congestive heart failure (CHF). Although ARF is conventionally defined by an arterial oxygen tension of <60 mm Hg, an arterial carbon dioxide tension of >45 mm Hg, or both, these thresholds serve as a guide to be used in combination with history and clinical assessment of the patient.
1,2 Supplemental oxygen and treatment of the underlying cause is the mainstay of therapy for ARF, but in severe cases patients are treated with invasive mechanical ventilation (IMV) or noninvasive ventilation (NIV). ARF is the most frequent reason for admission to the intensive care unit (ICU) 3, 4 and has an in-hospital mortality rate of 33% to 37% among those who require IMV. 5, 6 The majority of epidemiologic studies of ARF have been limited to patients requiring mechanical ventilation or those admitted to the ICU, and information about the characteristics and outcomes of patients across the full spectrum of severity is much more limited. 5, [7] [8] [9] [10] [11] General improvements in the management of underlying conditions, implementation of more effective ventilation strategies, 12, 13 and increasing use of NIV 14, 15 may have led to better outcomes for patients with ARF, yet empirical evidence of a change in the adjusted mortality rate over time is lacking.
The objective of this study was to provide a broad characterization of the epidemiology of ARF among adults hospitalized in the United States using a large nationally representative database. We sought to evaluate whether incidence, mortality, cost, or ventilation practice associated with ARF in the United States changed over the period of 2001 to 2009.
METHODS

Data Source
We utilized data from the Nationwide Inpatient Sample (NIS) of the Health Care Cost and Utilization Project, 16 which is a 20% stratified probability sample of all US acute-care hospitals each year. These data are drawn from a sampling frame that contains close to 95% of all discharges in the United States, with the hospital discharge record as the unit of analysis. The NIS has been used to study trends in many different diagnoses. [17] [18] [19] The database contains demographic information, payer information, principal and secondary diagnoses, cost, discharge disposition, and death during hospitalization. It also contains information on hospital characteristics including ownership, size, teaching status, and geographic region. 17, 20, 21 To define ARDS we relied on ICD-9-CM codes (518.4, 518.82, 518.5, 786.09) used in prior studies that showed good sensitivity and specificity. 22, 23 The use of ventilatory support was identified using the ICD-9-CM procedure codes 24 
Definitions
Outcomes
The primary outcomes included the annual number of hospitalizations, population incidence, hospital mortality, and costs of care. Secondary outcomes included length of stay, most common diagnoses associated with ARF, disposition at discharge, and use and type of ventilatory support.
Analysis
We estimated the number of hospitalizations with a diagnosis of ARF/year, and we calculated the weighted frequencies following HCUP-NIS recommendations using SAS/STAT survey procedures. Using population estimates for the years 2001 to 2009 from the US Census Bureau, we employed direct standardization to calculate age-, gender-, and race-adjusted population incidence and mortality rates of ARF per 100,000 population. Hospital mortality was defined as the ratio of ARF hospitalizations ending in death divided by total number of ARF hospitalizations. Mechanical ventilation rates and rates of selected comorbidities were similarly defined.
We employed indirect standardization to adjust hospital mortality rates for age, sex, race/ethnicity, comorbidities, and hospital characteristics using logistic regression models from 2001 to predict hospital mortality for 2002 to 2009. We used linear regression models to test whether the slope of year was significant for trends in outcomes overtime. Costs were calculated using hospital-specific cost-to-charge ratios when available and a weighted group average at the state level for remaining hospitals. We converted all costs to 2009 US dollars using the Consumer Price Index. Costs and lengths of stay were not normally distributed, so we calculated weighted geometric means (the average of all logarithmic values), then converted back to a base-10 number. Using a Taylor series expansion, we then calculated standard errors. All analyses were performed using SAS version 9.2 (SAS Institute, Inc., Cary, NC).
The Baystate Medical Center institutional review board determined that the project did not constitute human subjects research.
RESULTS
Hospitalization Trends
The number of hospitalizations with an ARF diagnosis code increased at an average annual rate of 11. Over the study period we observed an increase in ARF-related hospitalizations in large, urban, teaching hospitals and in hospitals located in the Midwest (Table 1) .
After adjusting for age and sex, the population incidence of ARF increased from 502 (standard error [SE] 5 10) cases per 100,000 in 2001 to 784 (SE 5 19) cases per 100,000 in 2009 (a 56% increase, P < 0.0001). Hispanics had the lowest rates of ARF, with both black and white groups having similar rates ( Table 2) .
The most common etiologies of ARF among medical patients were pneumonia, CHF, ARDS, COPD exacerbation, and sepsis. Over the 9-year study, the proportion of cases secondary to pneumonia and sepsis rose significantly: from 39% to 46% and 13% to 21%, respectively ( Figure 1 ). 
Mortality and Other Outcomes
Data Analysis
In 2009 the 1,917,910 hospitalizations with ARF resulted in 381,155 (SD 5 8965) deaths and a total inpatient cost of $54 billion. The most common etiologies in patients over 65 years old were pneumonia, CHF, COPD, ARDS, and sepsis. In patients younger than 45 years the most frequent diagnoses were pneumonia, ARDS, sepsis, asthma, drug ingestion, and trauma. Stratified analysis by gender and by age groups showed that mortality rates among men were higher than for women and were highest in patients older than 85 years (Table 3) . When we examined ventilation practices among medical patients we found that patients older than 85 years, when compared to patients younger than 45 years, were less likely to be treated with IMV (25% vs 55%) and more likely to be treated with NIV (12.7% vs 7%). At the same time, the average cost per case was lowest among patients 85 years and older, and hospital costs per case fell sharply after age 70 years. Costs were considerably higher for those who did not survive during hospitalization, particularly for patients younger than 45 years ( Figure 2 ).
DISCUSSION
In this large population-based study, we found that the number of hospitalizations associated with a diagnosis of ARF almost doubled over a 9-year period. In 2009 there were nearly 2 million hospitalizations with ARF in the United States, resulting in approximately 380,000 deaths and inpatient costs of over $54 billion. The population-adjusted ARF hospitalization rates increased in all age groups, and patients 85 years and older had the highest age-specific hospitalization rate. Although overall rates of mechanical ventilation (NIV or IMV) remained stable over the 9-year period, there was an important shift away from IMV (which decreased from 48% in 2001 to 42% in 2009) toward NIV (which increased from 4% in 2001 to 10% in 2009). Overall, there was a significant increase in the number of total deaths despite a decline in adjusted in-hospital mortality rates. In-hospital mortality rates decreased for all cases of ARF regardless of ventilation choice.
The findings of this study mirror results of others that have shown that although the incidence of critical care illnesses like sepsis 17, 20, 21, 26 and acute renal failure 27 has increased over the last decade, in-hospital mortality rates have decreased. 20, 21, 28 Our results also compliment the results of a recent study that looked at hospitalizations for noncardiogenic ARF, which observed a 3.7-fold increase in the number of cases and a steady decline in case fatality. 11 Most prior studies addressing the incidence of ARF have included only patients receiving mechanical ventilation. In 1994, the estimated number of cases of ARF requiring IMV was 329,766, 9 which increased to 790,257 in 2005. 10 In our study we found that in 2009, the number of patients with ARF hospitalizations with IMV increased to 806,538. The increase in the overall number of cases with ARF was mainly driven by a surge in cases of sepsis and pneumonia. Our findings are consistent with national trends over time in noncardiogenic ARF 11 and in conditions that predispose patients to ARF such as sepsis 17, 20, 28 and acute renal failure. 27 As the number of claims for ARF doubled and the number of deaths increased, we found that adjusted hospital mortality improved from 27.6% in 2001 to 20.6% in 2009. This decline in hospital mortality was observed among all patients groups, regardless of ventilation choice. The decline in overall case fatality is consistent with prior findings in noncardiogenic ARF, 11 sepsis, 17,28 and CHF. 29 There are a number of potential explanations for the reduction in mortality observed over the study period, including improvements in hospital management of the underlying conditions leading to ARF, an increase in the proportion of patients being treated (27) 513 (33) 432 (26) 574 (38) 738 (37) Hispanic* 247 (24) 381 (42) 307 (27) 353 (34) 478 (42) Other* 268 (20) 342 (29) 347 (26) 424 (29) 713 (77) In-hospital mortality 140 (3) 148 (3) 146 (3) 140 (3) 154 ( with NIV, 30 and advances in the care of critically ill patients such as the use of low-tidal volume ventilation. 31, 32 Another contributor may be an increase in the proportion of discharges to nursing facilities, although this change in discharge disposition cannot fully explain our findings. For example, from 2007 to 2009, mortality decreased by 2 percentage points, and nursing home discharges increased by only 0.4 percentage points. Growth and aging of the US population only partially explain the increase we observed in the incidence of ARF, as age-and sex-adjusted population rates increased by 56% from 2001 to 2009. In addition, the NIS captures data on hospital discharges and not individual patients; thus, a patient may have had multiple admissions. Over the last decade adoption of a more intensive practice style has been associated with improved in-hospital mortality, 33, 34 and although these patients may be living longer they may have multiple readmissions. 35, 36 We also observed that older patients were less likely to be treated with IMV, had a higher mortality rate, and less expensive care. These results are consistent with other studies and suggest that the intensity of treatment decreases with increasing age, and decisions to withhold or withdraw life-supporting treatments are more frequent in the elderly. 26, 37 Prior research has shown that severity of illness is more important than age on patients' prognosis, 38, 39 and aggressive treatment strategies are not less cost-effective when provided to older patients. 40 Another important finding of this study is the marked increase in the use of NIV paired with a Our work has several limitations. First, we identified ARF based on ICD-9-CM codes and therefore cannot exclude disease misclassification. We did not find any studies in the literature addressing the accuracy and the completeness of ARF coding. However, we employed the same codes used to define ARF as has been used to define organ dysfunction in studies of severe sepsis, 17, 20 and the ICD-9-CM codes that we used to identify cases of ARDS have been used in prior studies. 11, 22, 23 Another limitation is that it is not clear to what extent the trends we observed may be due to changes over time in documentation and coding practices. Although this should be considered given the additional reimbursement associated with the diagnosis of ARF, our observation that rates of assisted ventilation have remained almost flat over the 9-year period of the study suggest that would not wholly account for the rise in ARF. Second, because we did not have access to physiological data such as results of blood gas testing, we could not determine whether the threshold for applying the diagnosis of ARF or for delivering ventilatory support has changed over time. Third, for the purpose of this study we employed a broad definition of ARF, not limiting cases to those requiring mechanical ventilation, and this led to a more heterogeneous cohort including less severe cases of ARF. However, this is not dissimilar to the heterogeneity in disease severity observed among patients who receive a diagnosis of heart failure or acute renal failure. Fourth, survivors of ARF remain at high risk of death in the months after hospitalization, 42 but we assessed only in-hospital mortality. It is possible that although in-hospital mortality has improved, 30-day mortality remained stable. Finally, as the NIS contains only discharge-level data, we could not distinguish between patients admitted for ARF from those who developed ARF (potentially iatrogenic) after admission.
In summary, over the period of 2001 to 2009, there was a large increase in the number of patients given a diagnosis of ARF and a concomitant reduction in inpatient mortality. Although rates of mechanical ventilation remained relatively constant, there was a significant shift toward greater use of NIV at the expense of IMV.
